To understand and parameterize interior and near-boundary mixing processes in the ocean.
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For semi-enclosed seas, information can be obtained from the frequency dependence of the response to forcing by different constituents. This is a joint project with Mike Foreman of the Institute of Ocean Sciences and summer student Graig Sutherland.
WORK COMPLETED
On a cruise in Juan de Fuca Strait in June 2002 we focused on a study of the effect on flow and mixing of an isolated bump with a scale of order a kilometre, rising 70 metres above the sea floor in water of depth 100 metres. Particularly on the ebb tide, undisturbed stratified water flows past and over the bump with a speed of about 2 metres per second. We moored two ADCPs in the lee (Figure 1 ) and conducted extensive CTD and shipboard ADCP surveys. Considerable analysis of this data set has been completed. An analysis of the effects of pitch and roll on ADCP Reynolds stress estimates has been completed. A theory for Thorpe displacement run lengths in noise-dominated CTD data has been extended to allow for finite data length and sampling interval.
A new model for turbulent temperature-salinity cospectra has been developed.
A general theory has been completed to show how vertical shear and internal friction shift the location of hydraulic control in a homogeneous fluid.
An analysis of the frequency-dependent tidal response of the inland sea between Washington State and British Columbia has been completed. Also, new results have been obtained on the potential of tidal currents for power generation.
RESULTS
Flow past the bump shown in Figure 1 . In particular, the data from the two bottom-mounted ADCPs show the effects of flow separation in the lee of the bump, and large short-range differences in upwelling and downwelling. Vertical Reynolds stress measurements using the beam variance technique can be compromised by the almost inevitable small tilt angles of a mooring. M.Sc. student Steve Stringer has shown how the correction terms are best estimated, and, using a data set from the turbulent waters of Sansum Narrows, has shown that the correction can be effective.
Postdoctoral fellow Helen Johnson has shown that the expected run length for noise-induced Thorpe fluctuations drops dramatically from the theoretical value of 2.45 as the sampling interval increases. In the Arctic, however, we have obtained strong confirmation that the signals in double diffusive interfaces in the deep Canada Basin (Figure 3 ) are noise rather than signal, confirming that the geothermal heat flux must escape near the lateral boundaries. Work with Ph.D. student Tetjana Ross (mainly supervised by Rolf Lueck) has led to a novel theory for the co-spectrum of turbulent temperature and salinity fluctuations. The theory lacks the internal contradictions of previous approaches and has implications for acoustic scattering at high frequencies.
In a new theoretical approach to the hydraulics of a homogeneous fluid with shear and internal as well as bottom friction, I have shown that the downstream shift of the control section is reduced from that for a slab flow.
A "black box" tidal analysis of the Strait of Georgia, Puget Sound and Juan de Fuca Strait, using TOPEX/Poseidon data to represent offshore forcing, has shown that the resonant period is about 17 to 20 hours, and more importantly, that the system's Q is only 2.2. This provides strong evidence that numerical models need to allow for more drag than typical, probably to allow for lateral form drag.
Proposals to exploit tidal currents for electricity generation have been compared with schemes involving large barriers. It has been shown that a significant fraction of the power available from a bay may be obtained without major disruption of the natural regime, essentially by shifting the phase of the tide in the bay rather than reducing its amplitude.
IMPACT/APPLICATIONS
Our results on strong stratified flow past an isolated bump should lead to improved parameterization of the associated drag and mixing.
Results on tilt corrections of Reynolds stress estimates will help with the establishment of reliable values and hence lead to improved parameterization.
Thorpe scale analysis is a promising technique for global mapping of diapycnal mixing. Our results will help in efforts to discriminate between noise and signal and narrow the error bars on mixing estimates.
Results on the temperature-salinity co-spectrum will be relevant to acoustic scattering in some oceanic regimes.
The new results on hydraulic flows with internal friction and shear should provide an intuitive basis for understanding real exchange flows.
As well as interaction with U.S. colleagues at the University of Washington, Oregon State University, Scripps and Woods Hole, I co-convened, with Peter Müller, the thirteenth 'Aha Huliko'a Hawaiian Winter Workshop, sponsored by ONR. I also gave the invited review talk on mixing at the WOCE and Beyond meeting in November 2002, and this year have written invited News and Views and Perspective commentaries for Nature and Science, respectively.
RELATED PROJECTS
The projects described above are also supported by Canadian funding agencies with equal or greater contributions to salaries and equipment and full provision of ship time.
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